Abstract. The development of the electroretinogram in the rabbit has been said to proceed with first the a-wave, then the b-wave and last the oscillatory potentials. The aim of our study was to reexamine this claim with special attention to the oscillatory potentials. Albino rabbits from the same litter were studied at weekly intervals for five weeks from the first week of life. A Grass photostimutator was used in light and dark adaptation and 50 amplified responses were averaged. Both 1-1000 Hz (electroretinogram) and 100-1000 Hz (oscillatory potential) bandwidths were recorded simultaneously. The a-wave was the earliest signal to appear, at the second week of life. A rapid growth of the b-wave and oscillatory potentials was then noted between the second and third weeks, followed by a slower change. They evolved at the same rate, each with an increase in amplitude and decrease in peak time. The change in form of the b-wave was consistent with the sequential formation of each potential as the rabbit matured. The finding of simultaneous development of the b-wave and oscillatory potentials in the aging neonatal rabbit is contrary to previous reports.
Introduction
The electroretinogram (ERG) has been regarded as composed primarily of the a-wave and b-wave, while the oscillatory potentials (OPs) have been considered as wavelets riding on the rising slope of the b-wave [1] . Although the significance of the OPs is poorly understood, developmental analysis of the ERG performed by Hamasaki and Maguire [2] suggested different origins for the b-wave and the OPs. Their study showed that the b-wave of the aging kitten reached adult-like values before the OPs. However, results of Sanada [3, 4] showed that in suckling rabbits the OPs due to chromatic stimuli appeared simultaneously with the appearance of the negative wave (a-wave).
Lachapelle et al. [5, 6] suggested that the OPs are major contributors to the formation of the b-wave. They found that the ERG amplitude in congenital stationary night blindness was decreased in proportion to the absence of two OPs recorded with a 100-1000 Hz bandwidth [5] . One would expect the OPs and b-wave to develop simultaneously if the OPs are impor-tant contributors to the latter. We therefore studied the evolution of the OPs and b-wave to determine whether they mature at the same rate, and examined the relationship of changes in b-wave morphology to the development of OPs.
Methods
ERGs were recorded from six albino rabbits of the same litter. The rabbits were anesthetized with intramuscular injection of ketamine (35 mg/kg). The earliest recordings were obtained at age seven days, on the day the eyes opened, and continued for five weeks. The ERGs were recorded with a speculum (Ag-AgC1) electrode which made contact with the upper and lower eyelids. The pupils were dilated and the cornea was anesthetized. The rabbits were placed in a diffusing container and dark-adapted for 15 minutes. ERGs were evoked to flashes of white light of 0.32 and 3.2 cd/m2/sec delivered at a rate of one flash/5 sec with a Grass PS-22 photostimulator. An average of 50 flashes was taken with the Nicolet MED-80 signal averager. A recording i I" bandwidth of 1-1000Hz (ERG) and 100-1000Hz (OP) was used, and 30-1000 Hz was added at weeks 4 and 5.
In order to maximize the data collection and at the same time avoid repeated anesthesia of the same rabbit, each rabbit was tested only once a week and always on the same day. Thus for any given rabbit there was always a one-week interval between consecutive measurements (longitudinal study). Two rabbits were tested each day, so that all rabbit testing was completed in a three-day period each week. Furthermore, each rabbit served as a means to monitor the rate of maturation of the ERG occurring within one week (transverse study).
The nomenclature for the ERG and OP wave components is shown in Fig.  1 . The a-wave amplitude and peak time were measured from baseline at flash onset to a-wave trough. The b-wave amplitude was measured from the trough of the a-wave to the peak of the b-wave, while the b-wave peak time was measured from flash onset to the peak of the b-wave. The OP am- plitudes were measured from trough to peak, and peak times were measured from flash onset to the individual peaks of the OPs in the 100-1000Hz recordings.
Results
The results for a flash intensity of 3. The b-wave and OPs can be seen to develop between day 7 and day 14 in the transverse study in Fig. 4 . On day 7 the b-wave peaks at 42.3 msec, on day 8 at 25.4msec, on day 9 at 75.4msec, and on day 14 at 53.8 msec. This variability is due to changing peak times and number of OPs that contribute to the b-wave with age (more OPs are present at day 9 than at day 7). Some OPs (marked by arrows in Fig. 4 ) at days 7 and 8 are small and ill-defined but can be better visualized if compared with those at days 9 and 14. At days 7 and 8, OP2 forms the b-wave, while at day 9 the OP recording shows well delimited OP2, OP3, OP4, and OP5. The latter is now responsible for the peak of the b-wave. The rapid increase in the amplitude of the a-wave, added to the low voltage of the OPs seen at day 9, fails to produce a b-wave of mature morphology. Rather, the ascending limb of the b-wave looks more like a slow drift toward a baseline value. The typical b-wave is achieved between day 9 and day 14, when the OPs have reached an amplitude large enough to counteract the electronegativity produced by the a-wave. At day 9 all OPs (2, 3, 4, 5) have similar amplitudes and can be seen to contribute equally to the rising phase of the b-wave. At day 14, however, OP2, 3, 4 are significantly larger than OP5 and thus become the major contributors to the b-wave. Fig. 6A at five weeks of age. The OP recordings in Fig. 5 could therefore be flat, not because of the absence of OPs but because of their attenuation by a bandwidth that is too narrow.
Discussion
As shown in Fig. 3 , the b-wave and OP peak times changed simultaneously and the percentage of summed OP amplitude to b-wave amplitude (OP/b%) was constant with age. This is in contrast to the results of Hamasaki and Maguire [2] in the case of the kitten, where OPs developed at a slower rate than the b-wave. Sanada [4] , however, noted the appearance of OPs in rabbits as early as that of the negative wave (a-wave), in concert with our results. The b-wave in the rabbit develops with increasing amplitude and decreasing peak time to age 40 days [7] . We also noted a progressive increase in amplitude and decrease in peak time of the b-wave and OPs with the bright flash.
The b-wave changed similarly with the dim flash, but OPs in this case were not visible until the fifth week. This apparent inconsistency results from the effect of the recording filter (Fig. 6 ) in which the 30-1000 Hz recording demonstrated obvious OPs while the 100-1000 Hz recording did not. Given the small amplitude of the OPs, attenuation by the analog filter in the latter recording resulted in loss of OPs within the background noise. This would suggest that appropriateness of the recording bandwidth should be considered in each setting. The data suggest that the frequency domain of the OPs is dependent not only on the level of maturation reached by the retina (Fig. 3 , OP-OP interval) but also on the intensity of the stimulus used.
Reuter [7] described two b-wave processes in the developing rabbit, the slow b-wave of low threshold, long peak latency and no OPs seen with a low stimulus intensity, and the fast b-wave of higher threshold, shorter latency, and presence of OPs seen with a high stimulus intensity. The OPs looked absent from the smooth-appearing b-wave in our study (1-1000 Hz recordings, Figs. 5, 6) and in that of Reuter [7] when a low stimulus intensity was used but on closer inspection showed irregularities on the rising slope of the b-wave. We found that the OPs, recorded with the 30-1000 Hz bandwidth (Fig. 6) , corresponded with the discontinuities in the b-wave with respect to peak time. The apparent two b-wave processes of Reuter [7] might have resulted from an inappropriate recording bandwidth for the low light stimulus condition.
The b-wave peak times appear to have changed irregularly within the second week (Fig. 4) . The addition of OPs to the ERG signal would explain this finding, however, as new OPs developed and contributed to the most positive portion of the ERG waveform. As seen in Fig. 4 , OP2 was noted first, followed by the development of OP3 and OP4. A similar sequential development of OPs was also noted by Sanada [3, 4] . After week 2, however, all OPs were present with unchanging relative contributions, resulting in a regular and predictable change of b-wave parameters (amplitude and peak time) with age.
Gum et al. [8] compared the histological and electroretinographic development of the canine retina and found that onset of the b-wave is timed with the differentiation of the plexiform layers and inner nuclear layer. This level of the retina has also been noted to be the origin of the OPs in primates [9] and is in keeping with our hypothesis that the OPs are major components of the ERG. The origin of the OPs appears to be stratified within the retina [10] , and these potentials may be integrated at the level of the Mueller cells, where the b-wave is generated [11] . The individual OPs have been shown to originate from different retinal structures in a study where the first two OPs were less sensitive to dopamine depletion by reserpine than later OPs [12] . The different behavior of the first two and the later OPs was also noted by others [10, 13] .
Finally, our data suggest that the morphologic and, more specifically, the peak time changes of the b-wave in the aging rabbit is partly explained by the simultaneous development of the OPs. A similar relationship between the b-wave and the OPs was also noted elsewhere [5, 6, 14, 15, 16] .
